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the paediatric population [1, 2]. Paediatric trauma resuscita-
tion constitutes the first of  the multiple steps that are needed 
to achieve full recovery of the traumatised child; a feasible 
goal that should always be taken into consideration given the 
remarkable degree of recovery observed in polytrauma chil-
dren. The vast majority of literature pertaining to the acute 
trauma care is derived from studies in adults. Nevertheless, the 
paediatric trauma population represents a unique challenge due 
to differences in anatomy, physiology and age-specific consid-
erations. In this narrative review of the literature, we attempt 
to summarise the advances that have taken place over the last 
5 years in paediatric trauma resuscitation with emphasis on 
fluid resuscitation, massive transfusion, permissive resuscita-
tion, management of coagulopathy and use of tranexamic acid 
and evidence pertaining to implementation of transfusion pro-
tocols in the paediatric population. Considering the importance 
and inherent difficulties in education related to paediatric resus-
citation, we also present some of new evidences regarding the 
use of simulation in paediatric resuscitation.
Fluid management
Fluid resuscitation necessitates a potent vascular access. It 
has recently been highlighted that vascular access for ade-
quate fluid resuscitation can be a challenge in the pre-hospital 
setting [3, 4]. A retrospective review [5] evaluating the emer-
gency medical service interventions including endotracheal 
intubation, intravenous access and fluid resuscitation dem-
onstrated that the pre-hospital care of children was substan-
tially deficient in comparison to the one provided to adults. 
In particular, compared to adults more children required 
venous access upon their arrival to the hospital. The authors 
attributed the above finding to hypovolemia at presentation 
and observed increased number of adverse events related to 
unsuccessful attempts such as bruises and hematomas.
Abstract 
Purpose Paediatric trauma is the leading cause of mortal-
ity in children. Paediatric trauma resuscitation is the first 
and foremost step towards a successful treatment and sub-
sequent recovery. Significant advances have taken place in 
the last years in relation to this field of trauma care.
Methods In this narrative review, we attempt to summa-
rise the recent development in the concepts of fluid resus-
citation, massive transfusion, permissive resuscitation, 
management of coagulopathy and use of tranexamic acid, 
literature pertaining to implementation of transfusion pro-
tocols in the paediatric population and education related to 
the paediatric trauma resuscitation.
Results/Conclusions The current evidence although 
emerging is still sparse and high-quality studies are needed 
to shed more light on most of the above domains of 
resuscitation.
Keywords Paediatric trauma · Paediatric injury · 
Paediatric resuscitation · Paediatric mortality
Introduction
Trauma continues to be the leading cause of mortality in 
children and contemporary evidence suggests that in devel-
oped countries trauma is also the major cause of disability in 
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Fluid resuscitation in the paediatric population should 
be physiology-driven and at the same time, respect the 
different aspects of age-related differences in this popula-
tion. Excessive fluid resuscitation might be harmful and 
up-to-date there are no firm guidelines regarding the opti-
mal resuscitation fluid volume in paediatric trauma. In a 
retrospective review of the practice of a designated pae-
diatric trauma centre in Canada, Al-Sarif et al. studied the 
practice of fluid resuscitation and the associated complica-
tions in non-hemorrhagic blunt trauma paediatric patients. 
The authors concluded that the administered fluid volume 
was excessive and that 12 % of the 139 patients that were 
included in the study developed “fluid resuscitation attrib-
utable complications” such as ascites and/or pleural effu-
sions. The authors concluded that over-resuscitation is a 
common and potentially harmful phenomenon in non-hem-
orrhagic paediatric trauma. In the same line, Edwards et al. 
in a recent retrospective review of Department of Defense 
Trauma Registry (US military) of 907 children 14 years old 
or younger, concluded that crystalloid-predominant resusci-
tation had a negative effect on mortality, hospital and inten-
sive care length of stay and increased ventilator days. The 
above effect was also evident even when adjusted for age 
and Injury Severity Score. Interestingly, balanced compo-
nent resuscitation with FFP and RPBCs or whole blood did 
not yield better results as well. The authors point out that 
further studies are needed to determine the effects of bal-
anced resuscitation in the bleeding paediatric patients and 
suggest that future research should focus on delineation of 
appropriate physiologic triggers of resuscitation strategies 
based on the age of the patient.
Massive transfusion
Massive transfusion is a strategy to deal with the bleed-
ing critically ill trauma patient by administering large 
volume of blood products in a short period of time. It is a 
well-established practice in the adult population and over 
the last years it has been clearly proven beneficial for the 
adult trauma patient [6, 7]. Massive transfusion protocols 
for children are not yet fully developed [8] but this field has 
recently gained attention and massive transfusion protocols 
for the paediatric population have started emerging. Never-
theless, the vast majority of the existing studies are retro-
spective in nature and the level of evidence is low.
Defining massive transfusion is of paramount impor-
tance. In the adult population various definitions exist [6]. 
Similarly several different definitions have been created for 
the paediatric trauma population with none being univer-
sally accepted [9, 10]. Recently, Diab et al. [8] suggested 
the following dynamic definition of massive transfusion in 
children and neonates: “transfusion of >50 % TBV in 3 h, 
transfusion >100 % TBV in 24 h or transfusion support to 
replace ongoing blood loss of >10 % TBV per min”. More-
over, Neff et al. [11] utilised data from the Department of 
Defense Trauma Registry (US Military) and retrospectively 
reviewed 1113 paediatric (<18 years of age) trauma (com-
bat-injured) patients that were transfused during the resus-
citation process. The authors concluded that 40 ml/kg of 
all blood products administered at any time within the first 
day could identify the critically traumatised patients who 
are at increased risk for early and in-hospital death. Con-
sequently, the authors considered the above cut off point as 
critical in defining massive transfusion in paediatric popu-
lation and suggested that since this definition is irrelevant 
to the injury mechanism and also takes into account con-
temporary transfusion practices, it could be reliably used in 
future clinical research. Livinston et al. [12] reviewed the 
incidence, patients’ characteristic and outcomes of massive 
transfusion in a paediatric trauma cohort of 435 patients. 
The authors aimed to evaluate the outcomes of massive 
transfusion when it was used prior to the implementation 
of a specific protocol. Massive transfusion took place in 
3 % of the patients and was correlated to poor outcome, 
severe injuries, higher incidence of head trauma and longer 
duration of hospital stay. Coagulopathy occurred more fre-
quently when massive transfusion was implemented. The 
authors concluded that better coordination and attention to 
the correct amounts of frozen plasma, cryoprecipitate and 
platelets is needed when this tactic is used.
Transfusion protocols
The evidence in relation to the implementation of mas-
sive transfusion protocols in paediatric trauma is sparse 
[13]. Hendrickson et al. [14] described the efficiency of the 
implementation of the transfusion protocol (fixed ratio of 
red blood cells: fresh frozen plasma:platelets). The authors 
compared demographics, resuscitation volumes and out-
comes of patients managed with the transfusion protocol 
in historical control of patients that were managed before 
the implementation of this protocol. The authors came to 
the conclusion that mortality rates were not significantly 
altered after the implementation of the transfusion proto-
col. Nevertheless, they acknowledge the fact that the cross-
sectional character of the study and the small number of 
patients enrolled constitute inherent weaknesses of their 
study and that better designed studies are needed to reach 
safe conclusions. In another recent retrospective review, 
Nosanov et al. [15] reported on the impact of plasma and 
platelet ratios on mortality of 105 paediatric and adoles-
cent patients (<18 years) who received massive transfusion. 
Interestingly, no decrease in mortality was observed in 
patients who were transfused with higher plasma/RBC and 
plasma/platelets ratio. Again the authors underpinned the 
need for additional high quality research in the field. In a 
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prospective cohort of 55 patients, Chidester et al. found that 
coagulopathy was a predictor of initiation of the protocol 
and fewer thromboembolic complications were observed in 
the patients who received massive transfusion.
Permissive resuscitation
Permissive or low volume resuscitation is a concept that 
has evolved over the last years in the management of adult 
trauma patient and has gained considerable attention both 
in clinical setting and the related basic research [16–19]. 
This practice has not gained wide acceptance in the man-
agement of paediatric patients and some authors advocate 
extreme vigilance, questioning the non-validated theoreti-
cal benefits of such an approach in children [20].
Coagulopathy and tranexamic acid
Trauma-induced coagulopathy is one of the most com-
monly encountered complications of trauma during 
the resuscitation process [21]. The main causative fac-
tor behind the development of coagulopathy is the local 
activation of the coagulation system after trauma and 
the subsequent acidosis, hypothermia, hemodilution and 
coagulation factor consumption. Current thinking in the 
field suggests that the basic mechanisms of this phenom-
enon differ between the adults and children. The two main 
potential mechanisms in the trauma-induced coagulopathy 
in paediatric population include the so-called acute trau-
matic coagulopathy and the iatrogenic coagulopathy. With-
out the undisputable evidence available, it is thought that 
in children the former pathway is mediated by activation 
of protein C, glycocalyx shedding and degradation of Wei-
bel–Palade body. Nevertheless, the classic factors (hypo-
thermia, volume depletion, hemodilution and coagulation 
factor depletion) are considered as the main mechanisms 
of coagulopathy [22].
Coagulopathy in paediatric trauma is of paramount 
importance and there are recent reports in the literature 
suggesting that it is associated with mortality. Hendrickson 
et al. [23], in a study evaluating the prevalence of coagu-
lopathy of 102 traumatised children presented to the emer-
gency department of a level-2 trauma centre, concluded 
that almost half of the studied patients were coagulopathic 
during the first 24 h and that was related to increased mor-
tality and morbidity (longer intensive care stay and number 
of days requiring ventilation). The authors stressed the fact 
that more research is needed to clarify the role of coagu-
lation factor replacement and massive transfusion practice. 
Moreover, Whittaker et al. [24] retrospectively reviewed 
803 patients with severe trauma admitted in Level-1 civil-
ian trauma centre. Early coagulopathy was correlated with 
significant increase in mortality when associated with 
traumatic brain injury. The authors suggested that early cor-
rection of coagulopathy could lead to substantial decrease 
in mortality.
The safety and efficiency of tranexamic acid in adult 
trauma has been well documented [25, 26] and its use as a 
first line medication is established and considered a “stand-
ard practice” [27]. The use of tranexamic acid in periop-
erative setting in children has been studied in cardiac [28, 
29], spinal [30, 31] and craniofacial [32, 33] surgery. Beno 
et al. [34] in a narrative review of the contemporary litera-
ture concluded that there is lack of strong evidence to sup-
port its use in adolescent trauma resuscitation. On the other 
hand, the authors suggested that its use is likely to be ben-
eficial in paediatric trauma, given the robust clinical evi-
dence of its use in adult resuscitation, its proven safety and 
efficacy in other fields of paediatric surgery and its docu-
mented cost-effectiveness. Nevertheless, the authors recog-
nized that further research is necessary in the filed to sub-
stantiate their suggestions. Additionally in a retrospective 
review of 766 paediatric patients presented in a four year 
period (2008–2012) to the North Atlantic Treaty Organiza-
tion Role 3 hospital, Camp Bastion, Afghanistan, Eckert 
et al. [35] reported on the factors related to tranexamic acid 
use and mortality. Tranexamic acid was used in 10 % of 
the cases and especially in cases with severe abdominal and 
extremity trauma. The use of tranexamic acid was indepen-
dently associated with increased mortality and no adverse 
safety or medication-related complications (i.e. cardiovas-
cular or other thromboembolic phenomena) were observed.
Education
Simulation is an emerging filed of training [36–39] and it 
has been used in neonatal resuscitation, paediatric advanced 
life support, procedural skills training and crisis resource 
management training [40]. In a study evaluating the use of 
simulation and script debriefing, Cheng et al. concluded 
that learning and team leader behavioral performance dur-
ing simulated cardiopulmonary arrests is improved with 
the use of standardized script by novice instructors who 
facilitate team debriefing. Cole at al [41] performed a ran-
domized controlled trial comparing two provider-endorsed 
manual paediatric fluid resuscitation techniques in a simu-
lated setting. The authors tested the rate of fluid administra-
tion using a model simulating a 5 kg child in decompen-
sated shock. Based on the results of their study the authors 
suggested that the connect–reconnect technique might be 
more efficient in situations necessitating rapid resuscitation 
thus demonstrating how the results of comparing two basic 
techniques in a simulated model could be extrapolated in 
clinical scenarios. Notwithstanding the latest advances, 
simulation resuscitation training is still in its infancy and 
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future research is required to determine its effectiveness 
and clarify its role in training [36]. Along the same line 
e-learning might be a useful adjunct in the resuscitation 
related training process [42].
Summary
Substantial advances have been made over the last five years in 
most of the fields of paediatric trauma resuscitation. Evidence 
suggests that too vigorous fluid might be harmful for children. 
Permissive resuscitation is not well accepted in the paediatric 
population. Massive transfusion practice is gaining popularity 
in cases of severe hemorrhagic shock. Trauma-related coagu-
lopathy in children constitutes a major factor contributing to 
mortality and should be taken into consideration in paediat-
ric physiology. Up-to-date there is no robust evidence for the 
use of tranexamic acid in severe paediatric trauma but current 
expert opinion suggests it use. The role of simulation in resus-
citation training has been emphasized and promoted by many 
authors. Future directions in research should incorporate the 
above to support meaningful progress in the field.
Compliance with ethical standards 
Conflict of interest Theodoros H. Tosounidis and Peter V. Gian-
noudis declare that they have no conflict of interest.
Ethical standards This article does not contain any studies with 
human participants or animals performed by any of the authors.
Open Access This article is distributed under the terms of the 
Creative Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons license, and indicate if changes were 
made.
References
 1. Sathya C, et al. Mortality among injured children treated at dif-
ferent trauma center types. JAMA Surg. 2015;150(9):874–81.
 2. Mitchell RJ, et al. Risk factors associated with the severity of injury 
outcome for paediatric road trauma. Injury. 2015;46(5):874–82.
 3. Greene N, Bhananker S, Ramaiah R. Vascular access, fluid resus-
citation, and blood transfusion in pediatric trauma. Int J Crit Illn 
Inj Sci. 2012;2(3):135–42.
 4. Seid T, Ramaiah R, Grabinsky A. Pre-hospital care of pediatric 
patients with trauma. Int J Crit Illn Inj Sci. 2012;2(3):114–20.
 5. Bankole S, et al. First responder performance in pediatric 
trauma: a comparison with an adult cohort. Pediatr Crit Care 
Med. 2011;12(4):e166–70.
 6. Pham HP, Shaz BH. Update on massive transfusion. Br J 
Anaesth. 2013;111(Suppl 1):i71–82.
 7. McDaniel LM, et al. State of the art: massive transfusion. Trans-
fus Med. 2014;24(3):138–44.
 8. Diab YA, Wong EC, Luban NL. Massive transfusion in children 
and neonates. Br J Haematol. 2013;161(1):15–26.
 9. Barcelona SL, Thompson AA, Cote CJ. Intraoperative pediatric 
blood transfusion therapy: a review of common issues. Part I: 
hematologic and physiologic differences from adults; metabolic 
and infectious risks. Paediatr Anaesth. 2005;15(9):716–26.
 10. Paterson NA. Validation of a theoretically derived model for the 
management of massive blood loss in pediatric patients—a case 
report. Paediatr Anaesth. 2009;19(5):535–40.
 11. Neff LP, et al. Clearly defining pediatric massive transfusion: 
cutting through the fog and friction with combat data. J Trauma 
Acute Care Surg 2015;78(1):22–8 (discussion 28-9).
 12. Livingston MH, Singh S, Merritt NH. Massive transfusion in 
paediatric and adolescent trauma patients: incidence, patient pro-
file, and outcomes prior to a massive transfusion protocol. Injury. 
2014;45(9):1301–6.
 13. Nystrup KB, et al. Transfusion therapy in paediatric trauma 
patients: a review of the literature. Scand J Trauma Resusc Emerg 
Med. 2015;23:21.
 14. Hendrickson JE, et al. Implementation of a pediatric trauma 
massive transfusion protocol: one institution’s experience. Trans-
fusion. 2012;52(6):1228–36.
 15. Nosanov L, et al. The impact of blood product ratios in mas-
sively transfused pediatric trauma patients. Am J Surg. 
2013;206(5):655–60.
 16. Mitra B, et al. Potentially avoidable blood transfusion during 
trauma resuscitation. Injury. 2015;46(1):10–4.
 17. Leenen M, et al. Limited volume resuscitation in hypotensive 
elderly multiple trauma is safe and prevents early clinical dilu-
tive coagulopathy—a matched-pair analysis from TraumaRegis-
ter DGU((R)). Injury. 2014;45(Suppl 3):S59–63.
 18. Burkhardt M, et al. Pelvic fracture in multiple trauma: are 
we still up-to-date with massive fluid resuscitation? Injury. 
2014;45(Suppl 3):S70–5.
 19. Schoeneberg C, et al. Reduction in mortality in severely injured 
patients following the introduction of the “Treatment of patients 
with severe and multiple injuries” guideline of the German 
society of trauma surgery—a retrospective analysis of a level 1 
trauma center (2010–2012). Injury. 2014;45(3):635–8.
 20. Jones N, Ee M, Fenton E. Permissive hypotension in paediatric 
trauma. ANZ J Surg. 2012;82(7–8):567–8.
 21. MacLeod JB, et al. Early trauma induced coagulopathy (ETIC): 
prevalence across the injury spectrum. Injury. 2014;45(5):910–5.
 22. Christiaans SC, et al. Coagulopathy after severe pediatric trauma. 
Shock. 2014;41(6):476–90.
 23. Hendrickson JE, et al. Coagulopathy is prevalent and associated 
with adverse outcomes in transfused pediatric trauma patients. J 
Pediatr 2012;160(2):204–09.e3.
 24. Whittaker B, et al. Early coagulopathy is an independent pre-
dictor of mortality in children after severe trauma. Shock. 
2013;39(5):421–6.
 25. Collaborators C.-t., et al. Effects of tranexamic acid on death, 
vascular occlusive events, and blood transfusion in trauma 
patients with significant haemorrhage (CRASH-2): a randomised, 
placebo-controlled trial. Lancet 2010;376(9734):23–32.
 26. Lipsky AM, et al. Tranexamic acid in the prehospital setting: Israel 
Defense Forces’ initial experience. Injury. 2014;45(1):66–70.
 27. Guerriero C, et al. Cost-effectiveness analysis of administering 
tranexamic acid to bleeding trauma patients using evidence from 
the CRASH-2 trial. PLoS One. 2011;6(5):e18987.
 28. Grassin-Delyle S, et al. A practical tranexamic acid dosing 
scheme based on population pharmacokinetics in children under-
going cardiac surgery. Anesthesiology. 2013;118(4):853–62.
 29. Muthialu N, et al. Efficacy of tranexamic acid as compared to 
aprotinin in open heart surgery in children. Ann Card Anaesth. 
2015;18(1):23–6.
301Paediatric trauma resuscitation: an update
1 3
 30. McLeod LM, et al. Antifibrinolytic use and blood transfusions in 
pediatric scoliosis surgeries performed at US Children’s Hospi-
tals. J Spinal Disord Tech. 2015;28(8):E460–6.
 31. Lykissas MG, et al. The effect of tranexamic acid in blood 
loss and transfusion volume in adolescent idiopathic sco-
liosis surgery: a single-surgeon experience. J Child Orthop. 
2013;7(3):245–9.
 32. Basta MN, Stricker PA, Taylor JA. A systematic review of the use 
of antifibrinolytic agents in pediatric surgery and implications 
for craniofacial use. Pediatr Surg Int. 2012;28(11):1059–69.
 33. Crantford JC, et al. Evaluating the safety and efficacy of 
tranexamic acid administration in pediatric cranial vault recon-
struction. J Craniofac Surg. 2015;26(1):104–7.
 34. Beno S, et al. Tranexamic acid in pediatric trauma: why not? Crit 
Care. 2014;18(4):313.
 35. Eckert MJ, et al. Tranexamic acid administration to pediatric 
trauma patients in a combat setting: the pediatric trauma and 
tranexamic acid study (PED-TRAX). J Trauma Acute Care Surg 
2014;77(6):852–8 (discussion 858).
 36. Mills DM, Williams DC, Dobson JV. Simulation training 
as a mechanism for procedural and resuscitation education 
for pediatric residents: a systematic review. Hosp Pediatr. 
2013;3(2):167–76.
 37. Pringle K, et al. A short trauma course for physicians in a 
resource-limited setting: is low-cost simulation effective? Injury. 
2015;46(9):1796–800.
 38. Daurka JS, et al. A priority driven ABC approach to the emergency 
management of high energy pelvic trauma improves decision mak-
ing in simulated patient scenarios. Injury. 2015;46(2):340–3.
 39. Sugand K, Mawkin M, Gupte C. Validating touch surgery: a cog-
nitive task simulation and rehearsal app for intramedullary femo-
ral nailing. Injury 2015.
 40. Lin Y, Cheng A. The role of simulation in teaching pediatric resusci-
tation: current perspectives. Adv Med Educ Pract. 2015;6:239–48.
 41. Cole ET, et al. Rapid paediatric fluid resuscitation: a randomised 
controlled trial comparing the efficiency of two provider-
endorsed manual paediatric fluid resuscitation techniques in a 
simulated setting. BMJ Open. 2014;4(7):e005028.
 42. O’Leary FM. Paediatric resuscitation training: is e-learning the 
answer? A before and after pilot study. J Paediatr Child Health. 
2012;48(6):529–33.
